SHUTTLE CRITICAL ITEMS LIST - ORBITER

SURBSYSTEM :ACTUATION MECH-PED FMEXR NO Q2-4B -207 =1 REV:Q2/08/83
ASSEMBLY (DCCR DRIVE ROTARY ACTUATOR CRIT. FINIC: 1
P/H ORI IMC1§2~0008=-0005, =0Q233 CRIT. HDW: 1l
P/N VENDOR:131l604-1 CURTISS WRIGHT VEHICLE 102 103 104
QUANTITY :12 _EFFECTIVITY: b4 X &
:4 MID ACTR & 2 END-ACTR PHRSE(S) ¢ PL Lo oo X DO s
PER SIDE

B= o=

PREPARED BY: BY (NASA):
BES M. A. ALLEN ¥, !
REL M. B. MOSEQWITS ¥ B
OFE W. J. SMITH ]

RN
ITEM:

TORQUE LIMITER

FURCTION:
PROTECTS DOOR STRUCTURE, DRIVE TORQUE SHAFTS AND DRIVE LINKAGE BY
SLIFPING WEEN DOOR IS STALLED OR LINKAGE JAMMED. ROTARY GEAR ACTUATOR
QUTFUT IS LIMITED TQ 3,500-10,000 INCH-LB (FOUR MIDDLE ACTUATORS) AND
6,200-10, 000 INCE-LB {TWO END ACTUATOR3). ONE TORQUE LIMITER IS
INSTALLED IN EACE ROTARY ACTUATOR. TORQUE LIMITER SLIPS WHEN DOGR SEALS
ARE COMFRESSED FRICR TG CLOSING BULKHEAD LATCHES. :

FATLURE MODE:
SLIPS AT LESS TEAN MINIMUM ALLOWAELE TORQUE

CATIBE(S) ! - :
ADVERSE TOLERANCES/WEAR, CHANGE IN MATERTAL FROPERTIES, CONTAMINATION/

FORELIGN QBJECT/DEEBRIS, DEFECTIVE PART/MATERIAL OR MANUFACTURING DEFECT,
TEMDERATURE, LSS OF SPRING MOURCE

EFFECTS ON:
- (R)SUBSYSTEM (RB)INTERFACES (C)MISSION (D)CREW/VEIICLE

(A,B,C) IF DOCR IS IN THE OFEN POSITION AND TORQUE LIMITER SLIPS, LT
WILL NOT ALLOW LINRAGE TO DRIVE FROM OVERCENTER FOSITION. THIS WILL
PREVENT REMAINING ROTARY ACTUATORS FROM DRIVING DOOR CLASED. TO DRIVE

OOCR CPEN, THE REMAINING FIVE ACTUATORS ARE CAPADLE WITH INCEEASED TORQUE
LOADS.

égésgasszsLE LOSS OF CREW/VEHICLE IF PAYLOAD BaAY DOORS CANNOT BHE
D.
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DISPOSITION & RATIONALE:
{A}DEEIEH {B)TEST (C)INSPECTION (D}FAILURE HISTORY (E]OPERBTIGH&L USE

{(A) DESIGN
TORQUE LIMITER SFRING STRESSED TO APPROXIMATELY S0 PERCENT OF YIELD.
SPRING HAS APPROXIMATELY 10.5 COILS WHICH ALLOW FOR WIDE VARIATIONS IN
COEFFICIENT OF FRICTION WITHOUT CHANGE IN QUTPUT. SFRING AND DRUM MADE
OF SAME MATERIAL T9 ELIMINATE TEMFERATURE EFFECTS. DESIGHN OF THE ACTUA~
TICH SYSTEM PERMITS PARTIAL WORFAROUND OF MULTIPLE TAILDRES (SEE EFFEGTS)
BY ENTRAVEHICULAR ACTIVITY (EVA) CREW IF PAYLOAD DOES WOT LIMIT ACCESS.

{B)] TEST
QUALIFICATION TESTS: THE QUALIFICATION DRIVE SYSTEM IS CERTIFIED FER C3-
22-1e2-0003-00QLlE AND THE QUALIFICATION ACTUATICON MECHANIONW THSTALLATIGH
CERTIFIED PER CR-I18-524125-001c. THE DRIVE SYSTEM QUALIFICATION TEST
INCIODES: HUMIDITY TEST = PER MIL~-STD-3108 METHCD %07 PROCEDURE IV,
CYCLE FDU DURING SECOND AND FOURTH HUMIDITY CYCLE; QUATLTFICATION
VIBRATION TEST (QAVT) - 20 TO 2,000 HZ RANGE WITH MAXIMUM CF 0.067 gzjﬁz
FROM 30 TO 2350 HZ FOR 2 172 MINUOTES/AXIS IN ACCORDANCE WITH SP-T-0G23B,
MONITOR ELECTRICAL CONTINUXLTY DURING VIBRATICH; FLIGHT VIBRATION - 20 T
2,000 HZ BRANGE WITH MAX CF D 03 g,/HZ FROM 100 TO 2850 HZ FCR 4.5 MIKUTES/
AXIS LEVEL "A", AMND 0.0082 KEZ FROM 1404 - TO 250 HZ FOR 94 MINUTES/RAXTS
LEVEL “B¥; SHOCK TEST - BRSIC DESIGN SHOCEK PER MIL-STD-E10E5 METHOD 2%515.1,
PROCEDURE I AND TRANSIENT SIOOCK AT 5 TO 35 HZ +/= 0.23 g FERK.

QUAL TESTS ALED INCLUDE: THEERMAL VACUUM TEST - THEERMALLY CYCLED 5 TIMES
BETWEEN -100 DE&G F AND +157 REQC F AT A VASUUM QF 1 ¥ 10 -£ TQRR FOR 55
HOURS, DRIVE SYSTEM CYCLED AT EACH =45 DEG F AND +157 DEG F; THERMAL
CYICLING TEST = CYCLED 5 TIMEE BETWEEN =100 DEG F AND <4340 BES F WITH
UDRIVE SYSTEM CYCLED AT EACEH —100 DEG T AND +157 DEG F WITH 60 MINUTES
DWELL AT EAlH TEMPERATURE EXTREME; CPERATING LITE TEST - UDRIVE SYSTEM
CTCLED 1,800 TIMES AT ROOM TEMEERATURE, INCLODES MOTOR 1 AND 2 CYCLED 1sG
TIMES EACH INDIVIDUALLY WITHIN 125 SECOCNDS/STRORE AND 1,500 TIMES WITH
ROTH MOTORES DRIVING TOGETEER WITHIN 531 SECONDE/ISTROFE; MECHANICAL STORS
TEST = 100 TIMES WITH BOTH MOTORS INTD HARD STOP IN EACH DIRECTION AT HO
LOADS ; STIFFNESS TEST - MEASURED SFRING RATE OF ROTARY ACTUATCOR, TORQUE
SHAFT, PDU AND SHAFT EANGER - GREATER THAN 4.5 ¥ 14 -& INCH-LB/RADIAN AT
ROTARY ACTUATCR ARM) ; POWER CONITMPTION TEST, IRREVERSIBILITY TEST,
FREEPLAY TEST WAS CONODUCTED AS DEFINED IN THE ACCEPTANCE TESTS.

CERTIFICATION BY ANALYSIS/SIMILARITY INCLUDED: FUNGUS, OQZONE, PACKAGING,
LIMIT/ULTIMATE LOAD, ACCELERATICON, LANDING SHOCK, SYSTEM STIFFNESS,
TEMPERATURES, HUMIDITY, LIFE, FRESSURE, SHOCK AND VIBRATION FOR ITEME 4P
ORIVE SYSTEM NOT TESTED. THE PED RCTUATING MECHANISM INSTALLATION WAS
SURTECTED TO SYSTEM QUALIFICATION TEESETS ON THE 1% FOOT PED TEET ARTICLES
(087) AND OM A 50 FOOT TEST RIG, TESTS INCLUUDED: ACCEPTANCE - TO CONFIRM
ALL CcOMPOWENTS HAVE BEEN ASSEMBLED AND RIGGED PER MLOJIQE=-0032 OH THEEE
TEST SPECIMENS.
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TEISTS ON FORWARD 15 FOOT PANEL INCLUODED: QRBITAL FUNCTIONS - 2 THERMAL
CONDITIONS WITH SIMULATED THERMAL DISTORTICHS DF THE FORWARD BIULKHEAD
AND THE LH AND RH LONGERON SILLS, 2 MOTOR QFERATIONS 22 CYCLES AT LESS
THAN &3 SECONDS PER STRONE, EACH MOTUR OPFERATION 3 CYCLES AT LESS THAN
125 SECONDS/STROKE FOR EACE OF THE 3 ORAITAL FUNOTIONS: OPERATING LIFE
TESTS — PBD MECHANISM CYCLED 91 TIMES, 55 TIMES WITH TWO MOTOR OPERATION
AND 13 TIMES WITH SINGLE MCOTOR OPERATIONS: ACQUSTIC TEST - 25 HZ TO 8,000
HZ POR 5 MINUTES.

TEISTS ON AFT 15 FOOT PANEL INCLUDED: ORBITAL FUNCTIONS - 3 THERMAL
CONDITIONS WITH SIMULATED THERMAL DISTORTIONS OF THE AFT BULKNEAD AND THE
L AND RH LONGERCN SILL, 2 MOTOR OPERATIONS 27 CYCLES AT LESS THAN 62
SECONDS/STRURE, EACH MOTOR QPERATION 3 CYCLES AT LEZS THAN 126
SECUNDS,/STRORE FOR EACH OF THE 3 ORBITAL FUNCTIONS: UPERATING LIFE TESTS
- MECHEANISM CYCLED 243 TIMEE 205 TIMES WITH TWO MOTOR QOFERATION AND 19
TI¥ES WITH SINGLE MOTOR OPERATIONS; ACCUSTIC TEST — 25 EZ TQ 6,000 HEI

FCR 5 MINUTES.

TESTS ON 60 FOOT TEST RIG INCLUDED: AMBIENT CYCLING = 3 THERMAL
CONDITICONS WITH THERMAL DISTORTIONS OF THE SILL LONGERON, 2 MOTOR
QPERATIONS 22 CYCLES AT LESE THAN 63 SECONDS/STROKE; 10 WITHOUT
DISTCRTION SIMULATION; EACH SINGCLE MOTOR OPERATICN 3 WITHOQUT DISTORTICH
AND & WITH DISTORTICN AT LESS THAN 126 SECONDS/STROKE: TEMCERATURE
: CICLING = 3 THERMAL CONDITIONS WITE THERMAL DISTORTICNS OF THE STLL

; . LONGERON, 2Z MOTOR OPERATIONS 22 CYCLES AT =42 DEG P AT LESS THAN &3

. SECONDS/STROFE; 10 WITEHOUT DISTORTION SIMULATION, EACH SINGLE MOTOR
OPERATICON 23 WITHOUT DISTORTION SIMULATICN AND WITH DISTORTION AT LESS
THAN 126 SECOUNDS/STROEE AT ~42 DEG F; ORBITAL FUNCTIONAL TEST ~ REPERT
THE ABOVE AMBIENT AND =42 DEG F TESTS FOR A TOTAL OF 8¢ MECHANISHM
CYCIES. CERTIFICATION BY ANALYSIS/SIMILARTTY INCLUDES FUNGUS, GZONE,
PACRACING, THERMAL/VACUUM, SALT SPRAY, ACDODUSTIC, SHOCE, LIMIT/ULTIMATE
LOARS, ACCELERATION, SAND/DUST AND MARGTIN OF SAFETY.

ACCEFTANCE TEST! TESTS ON TEE MC162-0008 COMPONENTE INCLUDES:
EXAMINATION OF PRODUCT - WELGHT, WORKMANSHIP, DIMENSIONS, CONSTROATION,
CLEANLINESS, FINISH, IDENTIFICATION, MARKTNGS, TRACEABILITY AND USE oF
CERTIFIED MATERIALS AND PROCESSES; ACCEPTANCE VIBRATION (AVT) = 20 TO
2,000 HZ RANGE WITE MAXIMUM OF 0.04 g2/HZ FROM 8¢ TD 3150 HZ FOR 30
SECONDS/AXIS MINIMUM, ELECTRICAL CONTINUITY MONITORED DURING TESTS AND
PDU CYCLED BEFORE AND AFTER VIBRATION; ACCEPTANCE THERMAL TEST (ATT) -
THERMALLY CYCLED FROM +70 DEG F TQ +320 DEG F, TO +157 DEG F, TGO -20 DEG
F, TO +320 DEG'F, T0 +1537 DEG F, TC 70 DEG F WITH CONTINOITY MONITORED
THROUGHOUT, POU WAS OYCIFD 6 TIMES AT EACH +157 DEC F AND & TIMES AT -850
DEG F AT LFSS THAN 63 SECONDS/STROKE TWO MOTOR ODERATIONS AND 126 :
SECONDS/STRORE SINGLE MOTOR OPERATICNS; FPOWER CONSUMPTION TESTS -INPUT
POWER MAX OF 4350 WATTS/MOTOR AT RATED LOAD AND SINGLE MOTOR TIME OF 124
SECONDS/3TROKE AND 63 SECONDS/STROKE DUAL MOTCOR OFERATTON: INSULATTON
RESISTANCE, DIELECTRIC STRENGTH - PER MF0004=002 EXCEFT TEST VOLTACE WAS
750 VRMS., CYCLING TEST - SINGLE MOTOR DRIVE 20 CYCLES EACH AND DUAL
MOTORS 40 CYCLES. FREEPLAY TEST - MAXIMUM OF 1.0 DEGREES WITH 10 IN LES
REVERSING TORQUE ON RACH ACTUATOR: ACTUATOR STALL - CONTINUOUS STALL FOR
124 SECONDS AT FULL INVERTOR POWER 120 VOLTS AC.
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ACCEPTANCE TESTS ALSQ INCLULDE: IRREVERSIBILITY TEST = 550 INCE-LEB AT PDU
OUTPUT SHAFT; TRAVEL LIMIT TEST - ACTUATOR STOFFPED BY LIMIT 3WITCHES AND
BY HARD STOPS WITH SWITCHES DEENERGIZED; MANUAL QPERATIONS = LESS THANM
100 INCH-LE TORQUE To EMAASE AND DISEMGAGE THE POU: BACEDRIVE « FORCE AT
ACTOATOR QUTRUT ARM ROD ATTACH POINT LESS THAN 150 POUNDS; TORQUE LIMITS
~ ROTARY ACTUATOR OUTFUT LIMITS AT ROGM AMBIENT ARE 6,200 IO §5,%50 INCH-
LB, QUTPUT LIMITS AT +157 DEG F AND =65 DEG F ARE 6,200 TO 10,000 INCH-
1LB; PROOF LOAD TESTS ~ 31/4 0.D. DRIVE SHAFTS TESTED TO 225 INCE-LB AND
1.0 o.0. DRIVE SHAPTS TESTED TO 530 INCH-LB; FRICTION TORQUE TEST -
TORQUE ON SHAFT SUPFORT IS LESS THAN 1.0 INCH-LB. EACH TORQUE SHAFT IS
FROCF LOADED DURING ACCEPTANCE.

OMESD: NONE. ACTUATOR CANNCOT BE CHECKED FOR THIS FAILURE MODE DURING
SYSTEM FUNOTTONAL CHECK. MATNTENANCE SAMPLYING PERIODICALLY VERIFIES
TORQUE LIMTTER PERFORMANCE.

(L) INSPECTION

RECEIVING INSPECTICH
MATERTAT, CERTITICATION VERIFIED BY RECEIVING INSPECTION. ALL PURCHASED
PARTS DATA PACKAGES INSPECTED BY RECEIVING INSPECTION.

CONTAMINATION CONTROL

DETATL PARTS ARE CLEANED TO A 300 LEVEL AT SUPPLIER. SUPPLIER
CONTAMINATION CONTEOL AND CORROSION PROTECTION PROVISIONS VERIFIED BY
INSPESTINN. BREARTNGS INSPECTED PRTOR TGO INSTALIATION FOR CONTAMINATION.

ASSEMBLY /THSTALIATION

SUPPLIER AND SUBPLIER PERSONNEL CERTIFIED TCQ FERFORM SURFACE FINISH.

ALL MACHINED PARTS ARE DEEBURRED AND YERIFIED PLR DRAWING REQUIREMENTS.
INSTALLATION PROCEDURE VERIFIED BY INSPECTION. DCAS MANDATORY TNSPECTION
POINTS (MIPS) IMPOSED OF MANUPACTURING, INSTALLATION, AND ASSEMELY OF
ACTUATORE. DIMENSIIONS ARE VERIFLIED BY INSPECTICN. BEARTNG LUBRICATION
AND AEAL INSTALIATTICON VERIFIED BY INSPECTION.

NCHDESTRUCTIVE EVALDATICH
MAGNETIC PARTICLE INSPECTIONW VERIFIED BY INSPECTION.

CRITICAL PROCESSES

GEARS ARE SHOT PEENED TC FRECLUDE FATIGUE. MHEAT TREATING VERIFIED BY
INSPECTION.

TESTING

ROCEWELL HARDNESS VERIFIED ON GSEARS. ATP OF ROTARY ACTUATOR VERIFIED BY
INSFECTICN. - '

HANDLING/PACTAGING
HANDLING AND PACHAGING REQUIREMENTS ARE VERIFIED.

{0) PFATILURE HISTORY
THERE HAVE BEEN NO ACCEPTANCE TEST, QUALIFICATION TEST, FIELD OR FLIGHT
FAILURES ASSOCIATED WITH THIS PAILURE MODE.

. £ ids
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(E] OPERATIONAL USE

EVA WORKARQUND IS POSSIELE TO CLOSE DOOR IF PAYLOAD DOES NOT LIMIT
_ ACCESS.
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